Introduction
Palm oil industry is one of the major agro-industries in Malaysia. The raw materials in the form of fresh fruit bunches are supplied to the palm oil industry and its process produces a large amount of solid waste materials in form of fibers, shells and empty fruit bunches. These solid waste materials are used as fuel to produce steam for generating the electricity for palm oil extraction process. After combustion, about 5 % palm oil fuel ash (POFA) by weight of solid wastes is produced. Due to the limited utilization of POFA, it has to be disposed as landfill materials, leading to potential future environmental problem. However, many researchers [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] found that POFA has pozzolanic properties and could be used as a replacement of cement in concrete. The test results on the performance of POFA reveal that it has a good potential in reducing the expansion due to alkalisilica reaction [3] . The POFA has low pozzolanic reaction due to its large particle size and porous structure. The use of POFA as additive ingredient is expected to be added value to the properties of porcelain.
Porcelain consists of approximately 50 % clay (Al 2 O 3 ⋅ 2SiO 2 ⋅ 2H 2 O), 25 % silica (SiO 2 ), and 25 % feldspar (K 2 O ⋅ Al 2 O 3 ⋅ 6SiO 2 ) [11] . Porcelain is one type of ceramic with highly valued for its beauty and strength. It is known as a material for high-quality vases, table ware, blenders, reactor chambers and condensers, pipes, cooling coils, pumps, figures and decorative objects. Porcelain is a ceramic material which has the vitreous characteristics. Vitrification indicates a high degree of melting on firing which confer lower (often < 0.5%) porosity and higher (> 40%) glass content on fired porcelain [12] [13] [14] . Porcelains also have highly hardness, low electrical and thermal conductivities and brittle fracture [15] .
Some improvements in the mechanical properties were also observed by several authors [16, 17] , through the reduction of the particle size of quartz and non-plastic materials. Tomizaki [18] reported that dissolved quartz in the glassy phase and cristoballite phase precipitation would initiate to the increase of the mechanical properties. The present study therefore seeks to find a means of utilizing POFA as a substitution for quartz in order to create multi usage of waste POFA and possibly as value added for the properties of porcelain.
Experimental
The removal of excess carbon and other unburned organic materials contained in POFA is important to avoid their potential negative effect on finished product. Thus, the POFA was dried in an oven at 100 ºC for 24 h and then sieved using a set of sieves (50 µm) to remove the particles coarser than 50 µm. The untreated POFA was then grounded in a ball mill to reduce the particle size to improve reactivity. The milling time was set at approximately 1.5 h at the rate of 200 rev/min. The untreated POFA was heated at a temperature of 600 ºC for 1.5 h in an electric furnace.
Porcelain powders were grounded separately in a ball mill. The powders were sieved using sieve shaker and dried in an oven. The POFA was gradually poured into the porcelain powder from 5 wt% to 25 wt% (Table 1) . These compositions were mixed using a ball mill for 1.5 hours. The mixed powder was pressed into pellets at mould pressure of 91 MPa. All the pellets were sintered at a temperature of 1000 ºC, 1100 ºC, 1200 ºC and 1280 ºC for 2 h soaking time, at a heating rate of 5 ºC per minute. The compressive strength was determined using Universal Testing Machine (UTM). The chemical composition of the POFA was studied using X-Ray Fluorescence (XRF) machine while the amorphous structure of POFA was identified through XRD and the microstructural features were studied by FESEM. The graph of the compressive strength versus POFA content sintered at different temperatures is shown in Fig. 1 Fig. 1 clearly shows that an appropriate temperature for the sintering of porcelain with the absence of POFA was below than 1200 ο C. It was due to the absence of higher percentage of CaO and K 2 O in POFA which contributed 5.56 % and 5.20 % respectively. At the higher temperature, these elements would initiate pores and lead to decrease in strength. They were also related to the changes in the microstructure which involved with the interstitials, displaced atoms and micro cracks [19] . Theoretically, in porcelain bodies, the thermal expansion coefficients of the glass matrix rarely match those of the dispersed particles; hence, there is always a strengthening effect because of matrix reinforcement. The substitution of quartz by POFA contributed to the matrix reinforcement, while the increase in temperature contributes to quartz dissolution. The absence of more SiO 2 from POFA assisted feldspar in dissolving the particles in porcelain to enrich the matrix reinforcement. FESEM micrographs (1000X magnification) of the samples sintered at different temperatures with are shown in Fig. 2 . As seen from the figure, the grain sizes were big due to fine matrix of decomposed of clay, feldspar, and quartz minerals (Fig. 2a) and the microstructure were changed from a matrix with irregularly shaped interconnected pores to a more compact matrix (Fig. 2b) . When the temperature reached 1280 ο C (Fig. 2d) micro-crack appeared this could attribute to bloating which takes place at high temperature. 
Conclusion
The compressive strength of porcelain body is found to increase with the increase in the composition of POFA. The highest compressive strength, 46 MPa is achieved at a temperature of 1100 o C on 15 wt% of POFA. The presence of the alumina element in POFA could result in the enrichment of matrix reinforcement which contributes to strengthening the porcelain structure. This result shows that POFA has potential to be used as a substitutive material and can improve the strength of the recycled aggregates porcelain.
